ing-induced increases in B cell excitability as effectiv as injections of EGTA. Taken as a whole, these data sugg that Ca 2+ release from intracellular stores may be suffici for the induction of facilitation in this preparation, wh Ca 2+ influx through voltage-dependent channels may ha an additive effect and provide further evidence for ubiquitous role of Ca 2+ in learning-related forms neuronal plasticity.
INTRODUCTION
Across species and cell types, activity-depende forms of neuronal modification associated with lea ing typically share a requirement for a transient r in intracellular Ca 2+ concentration. In contrast to t shared requirement for Ca 2+ , the source from wh the signal arises is somewhat more diverse. For ample, associative conditioning of the Aplysia g withdrawal response, linked to facilitation of the sy aptic interaction between siphon sensory neuro and gill motor neurons, results from depolarizatio induced Ca 2+ influx in the siphon sensory neuro coincident with tail shock, which, through stimu tion of metabotropic receptors, generates Ca 2+ -sen tive second messengers in the same cells (Hawki Abrams, Carew, & Kandel, 1983; Walters & Byr 1983; Edmonds, Klein, Dale, & Kandel, 1990 ; review see Abrams & Kandel, 1988) . Similarly, lon term potentiation (LTP) of neurons in area CA1 the mammalian hippocampus shares a requireme for intracellular Ca 2+ , but the Ca 2+ signal aris through the channels of NMDA receptors, which c be opened by glutamate only when the cell is depol ized (Collingridge, Kehl, & McLennan, 1983 ; Nowa A series of experiments is described that elucidates the sources of Ca 2+ that contribute to activity-dependent neuronal facilitation in Hermissenda B photoreceptors during associative conditioning. In an in vitro preparation, pairings of a 4-s light with a 3-s mechanical stimulation of presynaptic hair cells increased the input resistance and elicited spike rate (i.e., excitability) of the B photoreceptors in the Hermissenda eye, indicative of a Ca 2+ -dependent process that is analogous to associative conditioning in the intact animal. This increase in excitability was reduced but not eliminated when hyperpolarizing current was applied to the B cell during the pairings, suggesting that voltage-dependent influx of Ca 2+ contributed only a portion of the total calcium signal necessary for facilitation. Moreover, no increase in excitability was observed when a comparable current-induced depolarization of the photoreceptor was substituted for light-induced depolarization. In other experiments, Ca 2+ -dependent inactivation of a lightinduced Na + current was used as an index of intracellular Ca 2+ concentration. It was determined that light caused a large increase in intracellular Ca 2+ concentration regardless of whether the photoreceptor was allowed to freely depolarize in response to light or was voltage clamped at its resting membrane potential. Current-induced depolarization produced a smaller increase, while presynaptic stimulation had no measurable effect. Intracellular injections of either heparin, an antagonist of intracellular Ca 2+ release, or EGTA, a general Ca 2+ chelator, induced comparable reductions of light-induced Ca 2+ accumulation. Finally, intracellular injections of heparin blocked the pair-
